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Abstract

This study aimed to determine anuran diversity and the use of microhabitats in 3 vegetation covers in the Santuario
de Flora y Fauna Los Colorados. Five field trips of 6 days each were made, 2 days and 2 nights in each cover: forest,
pasture, and crop. Sampling was carried out with the visual encounter inspection technique under a randomized design
by random walks with manual capture. A total of 19 species were recorded, 14 in the forest, 13 in pasture, and 12 in
crop. Pasture and crop were the vegetation covers with the greatest similarity of species. This work updates the list
of anuran species recorded in the management plan of the Santuario de Flora y Fauna Los Colorados 2018-2023. The
greatest number of anuran species was associated with leaf litter, "jagiieyes", and soils. The transformation of the
landscape as a result of agriculture and cattle ranching generated changes in the richness, abundance, composition,
and use of microhabitats of the anurans present in the Santuario de Flora y Fauna Los Colorados.
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Resumen

Este estudio tuvo como objetivo determinar la diversidad de anuros y el uso de microhabitats en 3 coberturas

vegetales en el Santuario de Flora y Fauna Los Colorados. Se hicieron 5 salidas de campo de 6 dias cada una, 2 dias

y 2 noches en cada una: bosque, potrero y cultivo. Se realizaron muestreos con la técnica de inspeccidon por encuentro

visual, bajo el disefio aleatorizado por caminatas al azar con captura manual. Se registraron 19 especies, 14 de ellas en

bosque, 13 en potrero y 12 en cultivo, siendo el potrero y el cultivo las coberturas con mayor similitud de especies.

Este trabajo actualiza el listado de las especies de anuros registrados en el Plan de manejo del Santuario de Flora

y Fauna Los Colorados 2018-2023. El mayor numero de especies de anuros se encontrd asociado a la hojarasca, el

jagiiey y los suelos. La transformacion del paisaje producto de la agricultura y la ganaderia genera cambios en la

riqueza, abundancia, composicion y uso de microhabitats de los anuros presentes en el Santuario de Flora y Fauna

Los Colorados.

Palabras clave: Transformacion del paisaje; Coberturas vegetales; Microhabitat; Bosque seco tropical

Introduction

Seasonally tropical dry forests (STDF here after)
in Colombia are distributed mainly in the inter-Andean
valleys and the Caribbean region (Garcia et al., 2014),
the latter being one of the regions with the best conserved
areas of this ecosystem (Pizano et al., 2014; Rodriguez
et al., 2012). However, Etter et al. (2008) point out that
indiscriminate deforestation for various anthropogenic
activities such as agriculture and livestock have generated
large reductions in forest cover over time. This, combined
with other activities such as mining and urban development
(Cristal et al., 2020; Galvan-Guevara et al., 2015; Jiménez
et al., 2018), cause biological and ecological interactions
to deteriorate, and the functionality of the ecosystem
is compromised (Thomson et al., 2017), which is why
Colombian STDFs have been classified as critically
endangered (CR) (Etter et al., 2017). Consequently, it is a
strategic ecosystem for conservation study due to its high
risk of disappearing, strongly threatening the local fauna
and the people who depend directly and indirectly on the
ecosystem services it provides (Andrade, 2011).

One of most sensitive groups to forest transformation is
amphibians, including anurans, which are highly dependent
on humid places or sites with high water availability
since most of their species have indirect development,
permeable skin, and anamniote-type eggs (O’Malley,
2007). The spatial distribution and microhabitats use by
anurans depend on the physiological requirements of each
organism, and the available resources (Urbina-Cardona
et al., 2006; Zug et al., 2009), as suggested by several
studies showing many anuran species prefer forested areas
(Caceres-Andrade & Urbina-Cardona, 2009; Garcia-R
et al., 2005; Roman-Palacios et al., 2016). Consequently,
these species may be affected by anthropogenic disturbance,
forest fragmentation, and loss (Caceres-Andrade & Urbina-
Cardona, 2009).

Forest transformation is among the main factors
affecting anuran communities (Caceres-Andrade & Urbina-
Cardona, 2009; Marin et al., 2017; Romero, 2013; Vargas
& Bolafos-L, 1999), causing around 38% of Colombian
amphibians to be included under a category of endangered
species and positioning Colombia as the country with the
highest number of threatened species according to the
second global review of amphibians (Re:wild, 2023).
A study carried out by Duarte-Marin et al. (2018) in 3
habitats of the Selva de Florencia National Natural Park
estimated that the covers with greater vegetation (forest
and pine forest) presented greater richness and diversity
of anurans than those covers with less vegetal complexity
(pastures). This means land use and changes in vegetation
cover are factors that influence amphibian species richness
and diversity. Therefore, species that are not adapted to
the new environmental conditions created by landscape
transformation are eliminated from the assembly,
negatively affecting the ecosystem processes in which they
had intervention (Diaz et al., 2006).

Additionally, forest fragmentation has created barriers
that prevent anuran dispersal, resulting in a decrease in
their genetic diversity (De Sa, 2005). Furthermore, it has
generated changes in the composition and abundance of
anurans to an extent that depends on the levels of disturbance
(Acufa-Vargas, 2016), with an increase in the penetration
of light and winds along the perimeter of a forest remnants,
coming from non-forest environments such as pastures,
with the subsequent changes in microclimates (Echeverry
et al., 2006; Galvan-Guevara et al., 2015; Laurence &
Gascon, 1997), phenomena known as the edge effect (
Rojas & Pérez-Pefia, 2018). However, studies such as
Blanco and Bonilla (2010) show that some transformed
areas provide a greater number of microenvironments
due to the modifications made by humans (e.g., creation
of jagiieyes) and record greater richness and abundance
of anurans species when compared to less transformed
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areas, which is known as intermediate disturbance theory
(Conell, 1978). However, it must be considered that the
species found in these areas have extensive plasticity
to tolerate the environmental and structural gradients
generated by anthropogenic disturbance, that is, they are
resilient (Céceres-Andrade & Urbina-Cardona, 2009).

Based on the above, the general objective of this
research was to determine the diversity of anurans and
their use of microhabitats in 3 vegetation covers within
the Los Colorados Flora and Fauna Sanctuary (SFF Los
Colorados), an important protected area in the Caribbean
region of Colombia, which contributes to the understanding
of how amphibians respond to changes in land use for
agriculture and livestock, in order to provide information
that can be useful for environmental entities to determine
management and conservation policies for these organisms
in landscape fragments.

The specific objectives are: /) to determine the
richness, abundance, diversity, and composition of anurans
in 3 vegetation covers that are representative of the Los
Colorados SFF; 2) to describe the use of the microhabitat
by the species in each vegetation cover; 3) to analyze
and compare the relationship between precipitation and
environmental temperature with the richness, abundance,
and diversity of species in each vegetation cover and; 4) to
analyze and compare the alpha and beta diversity of anuran
species in each vegetation cover.

We expect to record differences between the 3 types
of vegetation cover, hypothesizing that due to the greater
heterogeneity of an ecosystem in better conservation
condition such as the tropical forest, it will register a
greater richness and diversity of species and its species
composition will differ with respect to the other covers.
While the use of the microhabitat by the species will differ
in each cover and will depend on the variety of natural or
anthropogenic substrates existing in each site.

Materials and methods

Montes de Maria is a subregion of the Colombian
Caribbean. It is located between the departments of Sucre
and Bolivar with an area of 6,297 km?, of which 3,719 km?
belong to the department of Bolivar (Aguilera-Diaz, 2013;
Herazo et al., 2017). It integrates several municipalities,
among which is San Juan Nepomuceno, where the SFF
Los Colorados is located at 9°56°06.7” N, 75°06°48.7”
W (Fig. 1) with an area of 1,041.96 ha, an average high
temperature of 28 °C and an elevation of 23 m asl (Jiménez
et al., 2018). Due to the seasonality of rainfall in the
region, 3 seasons can be identified, each lasting 4 months
and including the dry season (December to April), the
transition season (little rain, May to August), and the rainy

season (abundant rain, September to November). The
average precipitation is around 1,643mm with a monthly
average of 137mm (Rangel & Carvajal-Cogollo, 2012).

SFF Los Colorados is composed of a small mountain
system formed by sedimentary rocks, in which the largest
and most important STDF relic of Montes de Maria is
located (Jiménez et al., 2018). This ecosystem has humid
forest components, which is why it is considered a place
of high species diversity (IAVH, 1998). Its hydrographic
system is made up of 2 streams: Cacaos and Salvador,
located on the south and north sides, respectively; it also
has a large number of ravines that flow into these streams
(Jiménez et al., 2018). There are 6 land uses within the
SFF Los Colorados (Fig. 1), which are in descending
order by their percentage of coverage, forest (66.36%),
agricultural areas (17.29%), pastures (12.01%), herbaceous
and shrubby vegetation areas (3.51%), urbanized areas
(0.80%), and mining extraction areas (0.02%). The exact
age of the crop areas is unknown; this area has historically
been agricultural, even before 1977 when the SFF Los
Colorados was declared as a protected natural area.
However, for about 10 years these areas have been in the
succession stage towards shrublands because they were
purchased and practically little cultivated. There are only
crops at the sampling point where yam (Dioscorea) or
tuber is grown. The only management that is done with
these crops is slash-and-burn. With respect to livestock,
none of the pasture areas in the sampling sites have more
than 40 heads of livestock. No fertilizers or other types of
agrochemicals or pesticides are used.

SFF Los Colorados faces 2 main problems in the
conservation of their natural environments. The first
is an occupancy rate close to 30% of its surface (3
neighborhoods and 11 properties). The second is the
inadequate environmental planning outside the protected
area that has generated a transformation of the landscape
because of cattle ranching, agriculture, forest plantations,
mining activities, the presence of a national highway as
a limit, and the proximity to a municipal seat of 25,000
inhabitants (Jiménez et al., 2018).

A two-day prospecting visit was carried out at the
SFF Los Colorados in November 2021 to inspect the
site and locate the sampling points. Subsequently, 5
field trips of 6 days each were carried out (2 days and
2 nights in each cover: forest, pasture, and crop) during
the months of January, February, March, April, and June
2022. In this way, sampling was carried out during the
dry and transition season, that is, under conditions of
no rain (February to April) or very little rain (June). In
these months 2 researchers and 2 officials from the SFF
Los Colorados carried out daytime (8:00 -10:00 am) and
nighttime (6:00-8:00 pm) outings with a constant speed
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Figure 1. Location of the Los Colorados Flora and Fauna Sanctuary; source National Natural Parks of Colombia, with permission

granted by SFF Los Colorados.

route, for a sampling effort of 160 man-hours in each
coverage for a total of 480 man-hours.

The visual encounter inspection technique was used
to locate and record anuran species and their abundance,
under the randomized design of random walks (Crump &
Scott, 2001) and manual capture of individuals (Aguirre-
Ledn, 2011; Manzanilla & Péfaur, 2000). The identification
of anuran species in each cover (forest, pasture, and crop)
was based on regional taxonomic keys (Ballesteros-Correa
et al., 2019; Cuentas et al., 2002; Dunn, 1994), supported
by field guides with photographs (Meza-Tilvez et al.,
2018; Salvador & Gomez-Sanchez, 2018), and databases
(Acosta-Galvis, 2021).

The 3 selected coverages were described following the
CORINE Land Cover methodology adapted for Colombia
(IDEAM et al., 2008) as follows: forest is an area made up
mainly of tree elements of native or exotic species, trees
being woody plants with a single main trunk or in some
cases with several stems, which also have a defined and
semi continuous canopy. In the study area, trees reach a
height greater than 5Sm, and watercourses with a width
of less than 50m were found. Pasture includes lowlands
covered with grasses and some scattered trees with a
height greater than 5 m, which are located on hills and
flat pastures in warm climates. Crops are areas dedicated
primarily to the production of food, fiber, and other raw
materials with permanent, transitional, or annual crops
of avocado, chili and cassava. Temporary yam crops are
mainly found in the study area.

To describe microhabitat used by anurans, the number
of individuals of each species observed in one of the
substrate types (leaf litter, branch, trunk, sites with the
presence of water, rock, soil, herbaceous or shrubby
vegetation) were recorded (Caceres-Andrade & Urbina-
Cardona, 2009).

All observed species were photographed and at least
1 individual per species was collected, anesthetized with
2% xylocaine gel on the head and belly, and sacrificed
(McDiarmid, 1994). To avoid tissue necrosis, they were
prepared and fixed with 10% formalin (McDiarmid, 1994;
Simmons & Muiioz-Saba, 2005), then placed in a suitable
position in a container that had a white absorbent paper
impregnated with 10% formalin. Distinctive characteristics
were then observed. Finally, they were preserved in 70%
ethanol (Cortez-F et al., 2006). The collected material was
deposited in the Armando Dugand Gnecco collection of
the Universidad del Atlantico, with the following catalog
numbers: UARC-Am-00508, UARC-Am-00509, UARC-
Am-00510,UARC-Am-00511,UARC-Am-00512,UARC-
Am-00513, and UARC-Am-00514. The collecting permit
was granted by the regional environmental authority called
the Regional Autonomous Corporation of the Canal del
Dique (Cardique), and the permit number is the resolution
number 0751 of June 27, 2014. In addition, through the
research endorsement approved by National Parks of
Colombia, No. 20212000004933, October 25, 2021.

Information on the number of species and their
abundance in each cover and climatic season was stored
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in an Excel. To confirm sampling was carried out on dates
with the typical characteristics of the climatic seasons (rainy
and dry), we graphed and compared statistically (ANOVA)
the average precipitation and temperature for the months
in which the sampling was carried out based on data
obtained from the Institute of Hydrology, Meteorology and
Environmental Studies (IDEAM) of the Guamo-Bolivar
Station (Retrieved on July 19, 2022, from: http://www.
ideam.gov.co/web/atencion-y-participacion-ciudadana/
pqrs).

To detect significant differences in alpha diversity
(richness, abundance, Simpson, Shannon), the Kruskall-
Wallis or ANOVA tests were applied, depending on the
normality of the data using the Shapiro-Wilk test and
homogeneity of variances using Levene’s test (p < 0.05).

Alpha diversity was determined as the species richness
for each coverage (Moreno, 2001), and was evaluated
using Chao 1, 2, and Jack 1 estimators in EstimateS v.
9.1 (Villareal et al., 2004). In addition, bootstrap was used,
which is useful to determine richness with a high number
of rare species (Colwell & Coddington, 1994; Magurran,
2004). On the other hand, the diversity of anurans was
estimated for each cover using the Shannon-Wiener index
in the program PAST v. 4.03 (Hammer et al., 2001), and
dominance using the Simpson index, where values close
to 0 were considered as low levels of dominance and those
close to 1 as high levels of dominance (Clarke et al., 2014).

To evaluate the turnover of anuran species between
different covers (forest, pasture, and crops), the Jaccard
index was used because it relates the number of shared
species to the total number of exclusive species (Villareal
et al., 2004). The range of values goes from 0 in the case
of no shared species, to 1 when the covers have the same
species composition (Moreno, 2001). From the estimator,
a dendrogram was constructed in PAST v. 4.03.

To analyze the use of microhabitats, a graph was
constructed where the percentage ofuse of each microhabitat
by species and cover was established, to observe in each
cover which microhabitats were most used by each species
of anuran. Data were plotted in Excel.

Results

In total 1,269 individuals belonging to 19 species
and 1 casual record (not included in this analysis) were
recorded and grouped into 13 genera and 7 families
(Table 1). Hylidae and Leptodactylidae were the families
with the greatest species recorded, 8 and 6, respectively
whereas only 1 species was recorded for Microhylidae and
Phyllomedusidae.

Alpha diversity was highest in forest (14 species),
followed by pasture (13 species) and crop (12 species).

The species accumulation curves in the 3 coverages based
on the Chao 1, Chao 2, and bootstrap estimators allowed
estimating a number of species similar to that recorded
in the field and an efficiency in the sampling carried out
with a representativeness greater than 80%. The Jack
1 estimator for forest indicates a representativeness of
77.8%, and for pasture and crops greater than 80% (Table
2, Fig. 2). In the singleton and doubleton curves (Fig. 2),
a decreasing behavior is observed for the pasture and crop
covers, indicating little probability of finding new anuran
species in these covers. For forest, the doubleton curve
shows an ascending behavior, indicating a probability of
finding more species in this cover.

According to the determined Shannon-Wiener index,
the diversity for forest cover was 1,631, crops 1,677,
and pasture 2,107. On the other hand, Simpson’s index
estimated a dominance of 0.726 for the forest, crops 0.746,
and pasture 0.858. When comparing the metrics recorded
in each vegetation cover (Fig. 3), the pastures registered
on average the greatest richness, abundance, and diversity.
The average richness was similar between the crops and
the forest; however, the variation was greater in the crops.
In contrast, the average and variation of abundance was
greater in the forest than in the crops. The average species
diversity was lowest in forests, intermediate in crops, and
highest in pastures. There were statically differences of
all metrics among vegetation cover; richness (one-way
ANOVA, F = 5.456, df = 2, p > 0.05), abundance (H(x?)
=4.63, p > 0.05), Shannon (one-way ANOVA, F =16.71,
df =2, p > 0.05), and Simpson (H(x?) = 15.97, p > 0.05).

When we graph the monthly fluctuations of ambient
temperature and precipitation (Fig. 4), it is evident that
during the days and months of sampling, precipitation was
little or none (monthly average from 1.3 mm in January
to 7.4 mm in April) whereas monthly average temperature
tended to increase from 21.5 °C to 23.3 °C from January to
March and from 24.0 to 24.5 °C from April to June. These
daily temperature records showed significant monthly
differences (ANOVA, F = 67.1, df5 = 5, df2 = 79.8, p
< 0.001). There were no significant monthly fluctuations
with respect to precipitation (ANOVA, F = 1.78, df5 =5,
df2 = 78.8, p > 0.05). The species richness tended to be
higher in April and June in all 3 vegetation covers (Fig.
5) whereas abundance was higher in the forest in March
and higher for pastures and crops during April and June.
Species diversity (Shannon and Simpson) in the forest was
higher in March whereas in both crops and pastures it was
higher in June (Fig. 5).

Based on the Jaccard similarity index, crop and
pastures presented a greater degree of similarity (Fig. 6),
that is, a greater number of shared species. The forest
presented the greatest dissimilarity in species composition
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Table 1

Taxonomic list and number of anuran individuals recorded in forest, crop, and pasture cover in the Los Colorados Flora and Fauna
Sanctuary.

Family Species Forest Crops Pasture
Bufonidae Rhinella horribilis (Wiegmann, 1833) 29 48 89
Rhinella humboldti (Spix, 1824) 2 97 101
Ceratophryidae Ceratophrys calcarata (Boulenger, 1890)*
Dendrobatidae Dendrobates truncatus (Cope, 1861, “18607) 173
Hylidae Boana platanera (Escalona et al., 2021) 23 3 4
Boana pugnax (Schmidt, 1857) 3 90
Dendropsophus ebraccatus (Cope, 1874) 1
Dendropsophus microcephalus (Cope, 1886) 2 4 59
Scarthyla vigilans (Solano, 1971) 3
Scinax cf. rostratus (Peters, 1863) 5 14
Scinax cf. ruber (Laurenti, 1768) 1 2
Trachycephalus typhonius (Linnaeus, 1978) 6 1 7
Leptodactylidae Engystomops pustulosus (Cope, 1864) 190 15 12
Leptodactylus fuscus (Schneider, 1799) 2 55
Leptodactylus insularum (Barbour, 1906) 12 1 81
Leptodactylus poecilochilus (Cope, 1862) 44
Leptodactylus savagei (Heyer, 2005) 17
Pleurodema brachyops (Cope, 1869, “1868”) 38 10
Microhylidae Elachistocleis panamensis (Dunn et al., 1948) 19
Phyllomedusidae Phyllomedusa venusta (Duellman & Trueb, 1967) 1 5

* Species recorded casually outside the sampled coverage, which is not included in the analyses of our study.

Table 2

Richness estimators and percentages of representativeness with respect to the number of anuran species recorded in the 3 coverages
of the SFF Los Colorados.

Richness estimator Cover
Forest Pasture Crops
Species recorded 14 13 12

Chao 1
Chao 2
Jack 1
Bootstrap

15.00 (86.7%)
14.68 (88.6%)
16.70 (77.8%)
15.40 (84.3%)

13.00 (100.0%)
13.00 (100.0%)
13.90 (93.5%)
13.57 (95.8%)

12.33 (97.3%)
12.90 (93.0%)
14.70 (81.6%)
13.32 (90.1%)
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with respect to the crop and the pasture, having a greater
number of unique species (D. truncatus, D. ebraccatus,
L. poecilochilus, and L. savagei), which are shown in
Table 1.

It was observed that the microhabitat most used
by anurans in the forest was leaf litter. The species
most associated with this type of microhabitat were D.
truncatus and L. poecilochilus (Fig. 7); these species
were only recorded in this coverage (Table 1). In the
pasture, the highest record of species was found in bare
soils and jagiieyes, with L. fuscus, L. insularum, and B.

pugnax being the most associated with the latter, while
R. horribilis and R. humboldti were observed mainly in
bare soil (Fig. 8). In addition, these species presented the
highest number of records of individuals in this coverage
(Table 1). Finally, in the crop coverage, the microhabitat
with the highest number of anuran records was bare soil
(Fig. 9), this microhabitat was used most frequently by R.
humboldti, R. horribilis, and P. brachyops which were the
species with the highest number of individuals recorded;
this microhabitat was also used by E. panamensis, which
was the only species present in this cover (Table 1).

Discussion

In this study, 19 species of anurans and 1 casual record
were identified, for a total of 20 species, this being a
slightly smaller number than the 21 species recorded in
the SFF Los Colorados 2018-2023 Management Plan
(Jiménez et al., 2018). Craugastor raniformis (Boulenger,
1896), Pseudopaludicola pusilla (Ruthven, 1916), and
Lectodactylus fragilis (Brocchi, 1877) were not observed
in our study, possibly due to lack of sampling in some
areas of the SFF Los Colorados. Their occurrence cannot
be ruled out, since they were recorded by Acosta-Galvis
(2012) in the Montes de Maria. This study reports C.
raniformis in the forest, in ravines (on rocks), on leaf litter,
and in shrubby vegetation; P. pusilla in crop areas and on
the edge of plain forests, on sandy substrates and in cracks
after rains; L. fragilis in flat areas, around seasonal ponds,
and near swamps.

Scarthyla, D. ebraccatus, and L. savagei are added to
the anuran fauna of the SFF Los Colorados, which shows
that it is necessary to continue carrying out studies in the
subregions of STDF, including the protected areas of the
plains of the Caribbean region, valleys of the Magdalena
and Cauca Rivers, Catatumbo, and enclaves of the Patia
Valley. Amphibian diversity is poorly known due to the
lack of biological studies (Urbina-Cardona et al., 2014).

Sampling carried out in the first 3 months of the year
(January, February, and March) regularly corresponds
to the dry season (Rangel & Carvajal-Cogollo, 2012).
However, rains occurring in these months is a consequence
of the effects of the La Nifia phenomenon in Colombia for
2022 (Guzman-Ferraro & Garcia, 2022).

Increases were observed in the specific richness and
in the recorded number of individuals as rainfall increased
(especially in April and June), so it was considered that the
rainfall regime prior to sampling played an important role
in the observation of anurans. These increases in richness
and mainly in the number of individuals are attributed to
higher activity and the reproductive strategies of some
species, which take advantage of the rains to reproduce
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Figure 5. Monthly trend of average richness (A), abundance (B), and diversity (C, D) for each vegetation cover type.

and lay eggs in temporary ponds. The rains caused greater
activity and detectability of some species that were observed
vocalizing in small ponds that had formed and cow dams.
Only some amplexuses were recorded but we did not
record nesting or reproduction events. Some of the species
have explosive activity, which generates an increase in
the number of individuals, as is the case of R. horribilis
and other species (Vargas-Salinas et al., 2019); some
other species vocalizing included Engytomops pustulosus
in some ponds and Dendropsophus microcephalus in the
emerging vegetation around the cow dams. However, it is
worth mentioning that the frequency and intensity of the

Crops Pasture Forest

Similaryty

g

0450

Figure 6. Jaccard similarity dendrogram for the anuran samples
from the SFF Los Colorados.

La Nifna phenomenon due to climate change could alter
the reproductive times of anurans, causing many species to
have early reproduction, which would bring about temporal
overlaps of the species that would generate changes in the
structure of the assembly (Lawyer & Morin, 1993).

As we expect, there were differences of species
richness among vegetation covers. The forest recorded
greater richness of anurans than the productive systems
(pasture and crops). This is mainly attributed to the greater
availability of humid microhabitats and the vegetaion
complexity, since there are species that require dense
vegetation cover and abundant leaf litter. For example,
the oviposition of D. truncatus occurs in humid leaf litter
(Cardenas-Ortega et al., 2019), so different studies record
itabundantly in forested areas (Burbano-Yandi etal., 2016;
De la Ossa et al., 2016, 2011; Posso-Pelaez et al., 2017).
On the other hand, pasture and crop are covers with less
complexity in the vegetal structure, generating changes in
the composition of the anuran assemblages (Cortés-Gomez
et al., 2013), such as the reduction in richness, which is
closely linked to the reproductive modes of each species
(Almeida-Gomes & Rocha, 2015). These same changes
in richness in covers with different degrees of disturbance
have been recorded in different studies carried out in
the Middle Magdalena Valley, in Meta, and in Florencia
(Burbano-Yandi et al., 2016; Caceres-Andrade & Urbina-
Cardona, 2009; Duarte-Marin et al., 2018). However, total
and monthly average species richness and diversity tended
to be higher in the pastures and the lowest in the forests,
which registered the greatest monthly variation, recorded
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Figure 7. Use of microhabitats by species in the forest cover of the SFF Los Colorados.

the higher species richness and diversity in April and June.
The greater diversity of species recorded in pastures may
be associated with the lower complexity of the vegetation
structure of this habitat, which allows anurans to be
easier to detect, while the greater structural complexity of
forests and crops decreases detectability of the anurans.
Additionally, the presence of jagiieyes in pastures, as
sites with availability of water and constant humidity
necessary for the survival of the anurans, contributed
to the greatest number of records of individuals in this
vegetation coverage. Leptodactylus fuscus, L. insularum,
and B. pugnax had greater abundance in cow dams of the
pasture, since they make postures close to bodies of water
(Carvajal-Cogollo et al., 2019; Ortega-Chinquilla et al.,
2019). Jagiieyes are considered important for many species
in disturbed areas because they permanently provide water
resources, which can be used to increase water uptake and
reduce evaporation rates (Urbina-Cardona et al., 2014), in
addition to be used by species with reproductive modes
associated with this resource (Cardozo & Caraballo,
2017). On the other hand, bare soils were mostly used
by R. horribilis and R. humboldti, which are species that

are commonly found in disturbed areas (Acosta-Galvis,
2012), these have physical characteristics (tuberculated
skin) and physiological characteristics that allow them
to adapt to exploit this microhabitat (Caceres-Andrade &
Urbina-Cardona, 2009), for this reason, they were found
with greater abundance in pastures and crops.
Dendrobates truncatus, D. ebraccatus, L. poecilochilus,
and L. savagei are species that were recorded only in
the forest, similar to what has been reported by other
anuran assemblage studies, where they are not only
recorded in forested areas, but also in wetlands (Acosta-
Galvis et al., 2006; Angarita et al., 2015; Burbano-Yandi
et al., 2016). On the other hand, S. vigilans was only
recorded in pastures; in this study the species was observed
mainly around bodies of water, specifically on emergent
vegetation, in sympatry with D. microcephalus (Mufioz-
Guerrero et al., 2007; Fonseca- Pérez et al., 2017). Finally,
E. panamensis was only present in crops, although in the
study carried out by Blanco-Torres et al. (2015), it was
also recorded in pastures. This is a species identified as a
leaf miner (Cuentas et al., 2002), which has possibly been
the reason why it was observed near the cracks produced
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Figure 8. Use of microhabitats by species in the pasture cover of the SFF Los Colorados.

by cassava plantations. It is due to all the above that the
species similarity analysis showed that the forest differs
with respect to the other 2 covers, which are noticeably
more similar to each other. Just as we expected, the forest
differs in species composition.

The species diversity index values reported in our study
are similar to those obtained in a nearby area located in
Meta, Colombia (Caceres-Andrade and Urbina-Cardona,
2009) where they reported values of 1.4 for humid
forest, 1.43 in pastures and 1.9 in sugarcane crops. On
the other hand, Roman-Palacios et al. (2016) estimated a
low Shannon-Wiener index in the Magdalena Medio for
forest and quarry (0.92 and 1.74, respectively), while for
the lake, they estimated an intermediate diversity (2.03).
The forest value was very far from that estimated in this
work, which may indicate that the SFF Los Colorados
forest has an important conservation status that benefits
the anurafauna.

On the other hand, Simpson’s index estimated high
dominance for the 3 plant covers. This dominance may be
associated with the microhabitats they offer; for example,
the forest offered important microhabitats (numerous
ponds and abundant leaf litter) for the development of E.

pustulosus and D. truncatus, which made these species
dominant in this cover. On the other hand, the crop
was dominated mainly by P. brachyops, R. humbolbti,
and R. horribilis; these species have terrestrial habits,
tolerant to landscape transformations and abundant open
environments (Acosta-Galvis, 2012; Rodriguez-Molina,
2004). Finally, the pasture was dominated by species of
the genus Rhinella and Leptodactylus, where the latter
has reproductive modes associated with foam nests,
allowing them to conquer and be abundant in anthropized
environments (Alcaide et al., 2012).

Jaccard’s similarity analysis for the anurans of the
SFF Los Colorados indicates a grouping between pasture
and crop cover due to the percentage of shared species
(66.6%). This result may be associated with the fact
that both covers are intervened areas, with a vegetation
structure different from that of the forest and host generalist
species (e.g., P. brachyops, B. pugnax, L. fuscus) that can
share in greater quantities, while the forest, due to the
resources it offers, may have species that do not tolerate
landscape transformations (e.g., D. truncatus), being
restricted only to forested areas (Caceres-Andrade &
Urbina-Cardona, 2009).
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Figure 9. Use of microhabitats by species in the crop cover of the SFF Los Colorados.

The results of this research indicate that the
transformation of the landscape because of the agricultural
economy of the Montes de Maria, based mainly on
cultivation and theraising of animals (Aguilera-Diaz,2013),
generated changes in the wealth, abundance, composition
and use of microhabitats in anuran assemblages. Therefore,
this knowledge is important to create concrete tools for the
management and conservation of these organisms in the
protected area and its surroundings, such as maintaining
native vegetation and layers of leaf litter in productive
systems, conserving lentic and lotic water sources, and
reducing the use of agrochemicals, among others (Urbina-
Cardona et al., 2015).

This research constitutes the baseline to evaluate the
long-term response of anurans to ecological restoration
processes and initiatives led by the SFF Los Colorados
team in transformed areas of the protected area. This
research constitutes the baseline to evaluate the long-term
response of anurans to ecological restoration processes
and initiatives led by the SFF Los Colorados team in
transformed areas of the protected area. Results that could
be useful in future studies where reference ecosystems
(conserved areas) and disturbed areas in the process

of restoration are used, to determine if these protected
areas are achieving the expected objectives and if they
are contributing to the conservation of anurans (Urbina-
Cardona et al., 2015). Additionally, this study updates
the list of anuran species in the protected area, pointing
out those to a specific coverage and those shared among
covers (forest, pasture, and crops), which can be useful to
define those that may be vulnerable to fragmentation of
the habitat or to be included as conservation target values
(VOC) of the SFF Los Colorados in the construction of
future Management Plans.
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